Abstract: Four oligomeric poly(imido-amides) (PIAs) were obtained from dicarboxylic acids, derived from two dianhydrides containing a Ge atom and the amino acids glycine or L-alanine, which reacted with the diamine bis(4-aminophenyl)-diphenylgermane, in order to obtain the PIAs containing two Ge atoms in the main chain. PIAs which contain Me/Me or Ph/Ph on the Ge atom of the dicarboxylic acids moiety, were characterized by IR and 1 H and 13 C NMR, and elemental analysis. The yields were over 60% with the exception of PIA-II, and the low inh values are indicative of low molecular weight species. Tg and the thermal stability were evaluated by DSC and thermogravimetry respectively. When Lalanine was included in the dicarboxylic acid, it was possible to see lower values of T g with respect to those with glycine, due to the higher flexibility of the methyl side groups. When phenyl groups are bonded to the Ge atom of the dicarboxylic acid, also there is a decrease of the T g in front of those with methyl groups, due to that the increase of the volume of the side groups affects negatively the free rotation of the polymeric chain. The TDT values were obtained by dynamic thermogravimetry, and show that these PIAs are not thermally stables materials, because the 10% of weight loss is lower than 400 ºC, with the exception of PIA-IV, in which the value is 403 ºC. The low thermal stability can be due to that the dicarboxylic acids are of aliphatic nature. On the other hand, there was not a clear tendency about the influence of the nature of the amino acid and the groups, methyl or phenyl, bonded to the Ge atom in the dicarboxylic acids.
Introduction
Most of the germanium containing polymers, described normally as poly(germanes) [(GeR 2 ) n ] in which the Ge atom is bonded to other Ge atom and two organic groups, are of inorganic nature. When the R group is the butyl one, poly(dibutylgermane) has been described with photoreactive properties and can undergo a photoscission process, that is attractive as photoresists [1] [2] .
However, condensation polymers containing Ge in the main chain and bonded to four organic groups, has been developed by our research group, in order to know the behavior of the polymers and their thermal properties, such as glass transition temperature and thermal decomposition. In this sense we have synthesized and described several kind of polymers having Ge as central atom and bonded to four aliphatic and/or aromatic groups, such as poly(carbonates), poly(thiocarbonates), poly(urethanes), poly(esters), poly(amides) and poly(imides) [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . In these works we have described their synthesis and their thermal properties, which are influenced by the nature of the groups bonded to the heteroatom.
On the other hand, poly(amides) and poly(imides) can have limited applications due to the low pattern of solubility that they present and the high glass transition temperatures values. Many efforts have been made in order to obtain this kind of polymers with good solubility and processability, which include the introduction of flexible units [20] , meta-substituted aromatic groups [21] [22] and non-planar groups in the polymeric structure [23] .
In this sense, poly(imide-amides) have been developed as interesting materials, because they have the thermal stability of the poly(imides) and the processability of the poly(amides) [24] .
The introduction of chiral and flexible units, in order to obtain optically active polymers, has been described by Mallakpour el at. In an interesting review [25] in which they mentioned that polymers containing amino acids are subjects of interest, since the amino acid functionality can lead to polymers with increased solubility and the ability to form secondary structures, being the resulting polymers soluble in several organic solvents, sowing good thermal stability [26] [27] [28] .
Also the introduction of heteroatoms like Ge in the main chain, implies the introduction of polar bond due to the polarity of the Ge-C bonds, caused by the difference in electronegativity of these atoms, which leads to an improvement of the ionic character of the polymeric chain. As a consequence of this ionic character, the germanium-containing polymers can maintain or increase the thermal stability and improve the solubility.
Continuing our works on the synthesis of condensation polymers containing Ge in the main chain, in this work we describe the synthesis of poly(imide-amides) (PIA) derived from aliphatic dicarboxylic acids, which were obtained from two dianhydrides with Ge as central atom and the -amino acids glycine and L-alanine in order to increase the flexibility of the polymeric chain. These diacids were polymerized with the diamine bis(4-aminophenyl)-diphenylgermane, and the PIAs were characterized by IR and 1 H and 13 C NMR spectroscopy. The results were evaluated by the yields and inherent viscosity values. Also the thermal properties, T g and TDT, were determined and analyzed according to the nature of the groups bonded to the Ge atom of the diacid and the amino acid.
Results and discussion
The tetramethyl derivatives, tetracarboxylic acids and dianhydrides were synthesized according to procedures described previously [13] . The diphenols bis(4-hydroxyphenyl)dimethylgermane and bis(4-hydroxy-phenyl)diphenylgermane were obtained from p-bromophenol with butyllithium and dichlorodimethyl-or dichlorodiphenyl germane according to a described process by Davidsohn et al. [29] . The diamine was obtained from 4-bromo-N,N-bis(trimethylsilyl)aniline and dichlorodiphenyl germane according to a procedure described previously [4, 30] .
The germarylene-containing dianhydrides reacted with glycine or L-alanine in acetic acid at reflux in order to obtain the aliphatic diacids (I-IV) bonded to the imide groups (Fig. 1) . The purification of these dicarboxylic acids was achieved washing with distilled water in order to eliminate the residues of acetic acid and amino acids. The treatment was followed by IR and NMR spectroscopic analysis, and the results were in agreement with the proposed structures. The spectroscopic specific data, including yields, melting points and the elemental analysis results of the samples are shown in the Experimental Part.
The poly(imide-amides) were obtained directly from the diacids and the diamine according to the method of triphenylphosphite in N-methyl-2-pyrrolidone and pyridine with CaCl 2 described in the literature (Fig 2) 
PIA -III
: R 1 = R 2 = C 6 H 5 R 3 = H PIA -IV : R 1 = R 2 = C 6 H 5 R 3 = CH 3 PIA -I : R 1 = R 2 = CH 3 R 3 = H PIA -II : R 1 = R 2 = R 3 = CH 3
Fig. 2. Synthesis of poly(imide-amides) based on germarylene units containing aminoacid moieties.
PIAs were precipitated in methanol and characterized by spectroscopic methods. In the IR spectra it was possible to see the absence of the broad band associated to the OH vibration od the COOH group, and new bands corresponding to the C=O stretching of the amide group.
PIAs were slightly soluble only in polar aprotic solvents, as dimethylsulfoxide, N,Ndimethylformamide and N,N-dimethylacetamide. In other work we reported that poly(imides) containing Ge in the main chain were practically insoluble in all solvents [13] . The inclusion of another functional group like amide one, and the amino acids increases the solubility only in polar aprotic solvents, but not in other common solvents that we tested. In this sense, it was possible to obtain the 1 H and 13 C NMR low resolution spectra in DMSO-d 6 for all polymers, where the aromatic and aliphatic groups signals and the C=O signals corresponding to both functional groups: imide and amide are clearly visible. The results of the spectroscopic data were in agreement with the proposed structures. Figure 3 shows the 13C NMR for PIA-II. Table I shows the yields and inh values for the PIAs. The yields were over 60%, with the exception of PIA-II, which was obtained with low yield, and the described value is the average of three different experiments In general also the inh values were very low, indicating that the PIAs are probably of oligomeric nature with a low molecular weight, as was described in other systems containing Si and/or Ge in the main chain [17, [33] [34] . These low molecular weights can be due to the insolubility of the polymeric chains in the reaction media, which avoids the growing of the polymeric chain. However this polymerization method has been reported as successful for the synthesis of poly(amides) derived from aliphatic and aromatic diacids with several diamines. Table 1 also shows the T g values obtained by calorimetry at 20 ºC/min. The differences are in the groups bonded to the Ge atom of the dicarboxylic acid and in the nature of the amino acid. If the influence of the amino acid is analyzed, it is possible to see lower values of T g when the alanine in included in the main chain respect to those with glycine: PIA-I/PIA-II and PIA-III/PIA-IV, due to the higher flexibility of the methyl side group which also increases the symmetry. When the influence of the groups bonded to the Ge atom of the dicarboxylic acid is analyzed but with the same amino acid unit, PIA-I/PIA-III and PIA-II/PIA-IV, also there is a decrease of the T g values due to the increase of the volume of the side groups in the acid residue. The increase of the volume of the side groups affects negatively the free rotation of the polymeric chain.
The thermogravimetric behaviour was studied by dynamic thermogravimetry, and the TDT values were taken when the PIA lost 10% of weight. The results are shown in Table I . If a material is normally considered as thermally stable when the weight loss at 400 ºC is lower than 10%, these PIAs are not thermally stable materials, due probably to the aliphatic nature of the dicarboxylic acids. In these PIAs there are not a clear tendency respect to the influence of both, the groups bonded to the Ge atom in the diacid and the amino acid incorporated. If PIA-I/PIA-III are compared, the phenyl group increases the TDT, as has been described for poly(amides) and poly(imides) [3, 35] , but not in the pair PIA-II/PIA-IV, in which those with methyl groups showed a higher TDT value. Respect to the influence of the amino acid, in the pair PIA-I/PIA-II there is an increase of the TDT value when there is a methyl side group, but in the pair PIA-III/PIA-IV a decrease of this value is observed. It is difficult to explain this behavior, but the very low molecular weights can confer more influence to the side groups instead the polymeric chains, which has been previously described for poly(amides) and poly(imides) [3, 35] .
Conclusions
Four new poly(imide-amides) derived from aliphatic dicarboxylic acids containing a germarylene unit and the -amino acids glycine or L-alanine and the diamine bis(4-aminophenyl)-diphenylgermane of low molecular weights were obtained and characterized. The polymerizations were carried out according to the triphenyl phospite method, and the yields and the inh values were low indicating the oligomeric nature of the PIAs.
The thermal studies were evaluated by DSC under N 2 , showing that the T g values for analogous polymers decrease when the volume of the side groups of the amino acids is increased, which affects the free rotation of the polymeric chain. On the other hand, the TDT values did not show a clear tendency. When glycine is replaced by Lalanine, in one pair there is an increase of the TDT value when the Ge atom of the dicarboxylic acid is bonded to two methyl groups, but in the other pair of PIAs, when phenyl groups are bonded to the Ge atom of the diacid, there is a decrease of the TDT values. Also, these PIAs were not thermally stable, due to the aliphatic nature of the amide group.
Experimental part

Materials
Glycine, L-alanine, (CH 3 ) 2 GeCl 2 , (C 6 H 5 ) 2 GeCl 2 , p-bromophenol and 4-bromo-N,Nbis(trimethylsilyl)aniline were obtained from Aldrich Chemical (Milwaukee, WI) and used without further purification. Alfa Aesar provided 4-bromo-o-xylene. tetrahydrofuran (THF) and diethylether (Aldrich Chemical, Milwaukee, WI) were dried over sodium previous to use. All other reagents and solvents were purchased commercially as analytical-grade and used without further purification.
Instrumentation
The IR spectra (KBr pellets) were recorded on a Perkin-Elmer (Fremont CA) 1310 spectrophotometer over the range of 4000-450 cm 
Precursors Synthesis
The precursors bis(3,4-dimethylphenyl)-dimethylgermane, bis (3,4- 
bis(3,4-dicarboxyphenyl)-dimethylgermane dianhydride and bis(3,4-dicarboxyphenyl)-diphenylgermane dianhydride (Fig. 1 ) were synthesized following procedures described previously [13] . All compounds were characterized by IR and 1 H and 13 C NMR spectroscopy, and the results were in agreement with the proposed structures.
Monomers Synthesis
Dicarboxylic acids N,N`-(4,4`-dimethylgermylenediphthaloyl)-bis-glycine (I) and N,N`-(4,4`-dimethylgermylenediphthaloyl)-bis-L-alanine (II), N,N`-(4,4`-diphenylgermylene diphthaloyl)-bis-glycine (III) and N,N`-(4,4`-diphenylgermylenediphthaloyl)-bis-L-
alanine (IV) were synthesized according to reported procedures [13] in which the dianhydride derivative (2.8 mmol) and glycine or L-alanine (5.6 mmol), were mixed with 30 mL of acetic acid, stirred by 4 hours at room temperature and then refluxed by 3 hours. The acetic acid was removed under reduced pressure and the residue was poured in 50 mL of water and 2 mL of concentrated HCl. The light brown solid obtained was treated with n-hexane, filtered and washed with petroleum ether. The pale yellow-solids obtained were dried and then treated with water for removing the remained -amino acid. Finally, the dicarboxylic acids were filtered, dried at 40 ºC under vacuum and characterized.
Bis(4-aminophenyl)diphenylgermane was obtained according to a described procedure and characterized by the same spectroscopic methods [4, 30] . 
N,N`-(4,4`-dimethylgermylenediphthaloyl)-bis-glycine diacid
Poly(imide-amides) (PIAs) synthesis
PIAs were synthesized according with a described procedure [31] . In a typical polymerization 0.135 g (0.21 mmol) of the dicarboxylic acid IV, 0.099 g (0.24 mmol) of bis(4-aminophenyl)diphenylgermane, 0.06 g of CaCl 2 anhydrous powder, 0.17 mL of triphenyl phosphite (TPP), 0.16 mL of anhydrous N-methyl-2-pyrolidone (NMP) and 0.16 mL of pyridine (Py), were mixed and heated at 110 -120 ºC for 3 hours.
After this time, the mixture was poured in methanol and the PIA-IV was filtered, dried until constant weight and characterized. 
